The use of technology is increasing day-by-day in educational environments and industry. Teaching theoretical concepts with computer program and calculator applications help students to understand the use of technology in various areas of engineering calculations. Different technologies can be used for solving different kinds of engineering problems. In this work, technology preferences of engineering undergraduate students who were enrolled at a mid-sized Northeastern U.S. institution for solving three different types of calculus problems are investigated with the emphasis on understanding technology education of these students' during their high school and university education. The qualitative results to be displayed in this research consist of students' written questionnaire and video recorded interview responses. The nature of quantitative results consist of probabilities that reflect the students' technology preferences and the variation analysis of the programming preferences across different research questions. The results presented in this paper help to determine and understand engineering students' technology choices for solving different calculus problems based on their technology education. The participants of this Institutional Review Board (IRB) approved research completed the third calculus course of a fourcourse calculus sequence. This article is a continuation of another IRB approved research that was conducted by the researcher at a large Midwest U.S. institution.
Introduction
Daily engineering challenges do not only require well-developed engineering practice but also require a good knowledge of mathematics and the use of right technology. Choosing the right technology to determine a solution to a problem matters from many perspectives including accuracy, practicality, and right approach to the solution. Many technologies such as Texas Instruments (TI) and Casio calculators; programming languages such as Matlab, Microsoft Excel, Java, and C++; web based resources such as Wolfram Alpha are widely used by students who are either required to use these technologies by their instructors. Calculators such as TI and Casio are widely used in the United States Universities or high schools (Tokgöz, 2012) . It is crucial to know the mathematical theory to solve problems, however it is also important to know the appropriate technology to solve these problems. For instance, students can use Wolfram Alpha for graphing functions and do various calculations through a webpage (wolframalpha). Research on engineering students' technology preferences to solve mathematics problems is very limited on the contrary to the importance of the use of technology in engineering applications to solve mathematics problems. A research on STEM (Science-Technology-Engineering-Mathematics) majors' technology preferences to solve mathematics problems is conducted by Tokgöz (2015) Researchers such as Goosen (2004 and 2008) , Ali (2007) , Giangrande (2007) , and Mannila (2006) focused on determining the best programming language to start teaching high school and undergraduate students. Clough (2002) and Maase & High (2008) explored various technologies' education to engineers in undergraduate curriculums. Computer Science majors' mathematics problem solving skills using C programming language in the classroom is explored by Stockwell (2002) . This article focuses on undergraduate and graduate students programming language preferences for solving mathematics problems. The only study similar to the one explained in this article is conducted by Tokgöz (2015) focusing on undergraduate and graduate STEM students technology preferences for solving calculus questions. The next section is devoted to detail the methodology followed for conducting the research, research objectives, the questions used for collecting the data on understanding participating students' technology preferences to solve calculus questions, and the main goals of the research.
Research Methodology, Objectives & Questions
The IRB approved research explained in this article is conducted at a mid-sized North-Eastern university in the United States. Seventeen participants of this research majored in mechanical, industrial, or civil engineering. These participants completed the first three calculus courses of a four-sequence calculus. The research data was collected by an undergraduate student who was hired as a Research Assistant (RA) by the author/researcher during a spring school semester. A written questionnaire consisting of 14 questions was given by the RA to the participating students to be completed in about an hour. The author/researcher interviewed each participant approximately 30-40 minutes to further investigate the details of the written responses. Three out of seventeen participants did not participate in the video recorded interviews. The participating students are compensated for both their written and video recorded responses. The questionnaire consisted of calculus questions and technology preferences of the participants to solve calculus questions. In this article, all three questions related to the technology preferences of the participants will be analyzed qualitatively and quantitatively, the rest of the questionnaire questions will be analyzed in other articles. The main objectives of the three research questions analyzed in this article are the following:
The following are investigated for engineering educators and researchers to benefit from the data displayed in this work:
• Undergraduate engineering students' cognitive approach to technology preference; • The technological shortcomings that arise in engineering education for solving mathematics problems; • Changes in engineering students' technology preference from high school to university.
• The limitations of engineering students' technology knowledge.
The rest of the article is organized section-by-section for qualitative and quantitative analysis of participants' technology preferences to graph a function, solve definite integrals, and calculate power series or error terms. Students' written responses and transcribed video recorded interviews are displayed in these sections with the detailed analysis of variations in participants' technology preferences. The variation of technology preference with the change of the research question is also investigated. This analysis of variation is expected to show whether research participants' technology preference vary when questions change and their ability to use the right technology for the appropriate question.
Technology & Function Graphing
Function graphing is one of the most fundamental concepts in engineering education. Beginners' calculus courses can be designed to cover function graphing by using only paper-pencil solution rather than using technology. Learning the right technology to solve mathematics problems is crucial for ease of solving engineering oriented mathematics problems in advanced engineering and mathematics courses as well as real-life applications. In this section, the responses of the seventeen participants' to the first research question will be analyzed qualitatively and quantitatively. The written and transcribed interview responses of the students will be displayed in this section for readers to have a better understanding of the collected data. The following table displays the responses of the participants during the written portion of the interviews. We have been using a lot of Matlab in my engineering program. When I was taking Calculus I was using a lot of TI 84 but that is not really a part of the FE exam that we are responsible for that we suppose to take soon. Just Matlab would be nice to graph this. Participants 7 and 9 preferred to use calculator for solving all three research questions. Participants 15-17 did not participate to the video recorded interviews, however their written responses clearly indicated their technology preferences. The next section is devoted to the qualitative and quantitative analysis of the collected data for determining technology preferences of the engineering students' function graphing.
Participant

Analysis & Summary of the Data
Technology preferences of engineering undergraduate students' function graphing is influenced by their high school experiences. Approximately 59% of the students preferred to use a TI graphing calculator while 65% of the participants preferred to use a calculator for function graphing. Approximately 29% of the participants preferred to use Matlab that they learned during their undergraduate education. The third, and the last, technology preference is Excel that was chosen by 12% of the participants. The transcribed data indicated participants' technology preferences depend on the complexity of the problem. Some of the participants' "just to sketch the graph of a function I wouldn't use Matlab" response indicated students' technology preferences to be driven by the complexity of the problem. Sketching the graph of a function appears as a challenging task for some of the students because of the coding aspect of Matlab. Some of the participants chose Matlab for its accuracy, strength, and convenience for obtaining proper graphing results. The written responses to this research question resulted in the following number of students and their technology preferences:
Calculator or Excel Number of users 5 2 4 5 1 National Instrument (NI) Labview was mentioned by several participants, however this choice was not listed as the first programming option to be considered for sketching the graph of a function. The interview results indicated several participants' preferences to choose a program that they learned to sketch a function just because they don't know any other programming language. Microsoft Excel was considered by several participants for function sketching with the justification that Excel can do more than what a graphing calculator can do. Majority of the participants preferred to use a calculator that they are familiar with from high school years instead of using programming languages such as Matlab, Excel, or N.I. Labview that they learned during their engineering undergraduate education.
Technology & Definite Integral Calculation Preferences
Definite integral calculations take place in many real-life engineering applications. Obtaining correct and accurate numerical results after solving integrals are particularly important in industry applications. Learning the right technology matters for solving definite integrals to find the right solution with right accuracy. In this section, the technology preference responses of the seventeen participants' related to definite integral will be analyzed qualitatively and quantitatively. The written answers and transcribed video responses of the students will be displayed in this section for the readers to have a better understanding of the collected data. Some of the interview responses changed the table values above. For instance, Participant 8 stated "I just recently learned how to calculate integrals by using Matlab, it is much easier. I would rather do it that way because it is much easier." Some of the participants explained the conditions under which they would prefer to use technology: if the question appears to be simple then they would solve it by hand but if the question appears to be challenging then they would prefer to use technology. Such a preference depends on students' decision making and causes uncertainty in determining technology versus paper-pencil solution of the participants. The next section is devoted to participating students' technology preferences for determining power series and error term results.
Technology & Power Series or Error Term Calculation Preferences
Power series and error term calculations resulting from functions' power series expansions can be challenging. The technology that need to be used for such calculations may need to be more advanced than a simple calculator, therefore participants in this research are expected to have a better knowledge of qualified technology for calculating such numerical values. In this section, the written responses of the participants will be displayed first and the analysis of the written and interview data will be implemented next. Participant 3 did not have a written response to the question. Participants 10, 12, and 16 only circled calculator and wrote "TI 84", "Casio fx -9750GII", and "TI 84+", respectively.
Participant 1: … You can graph it on the calculator and then you can find the integral by one of the trace methods. And I'll approximate that and then I'll try to do it by hand to see if I can get the same answer, so if I can find that then and if not then I'll say my reasoning behind why I think it'll approximate what I found with the graphing calculator. Interviewer: Okay. Do you think the graphing calculator would give you the precise solution? Some of the participants' transcribed responses are not displayed due to the similarity of their responses to the first two research questions covered. Qualitative and quantitative analysis of the collected data for determining technology preferences of the engineering students' power series and error term related calculations will be covered in the next.
Analysis & Summary of the Data
Numerical calculations regarding to the power series expansion of functions or error terms related to power series of functions can require advanced knowledge of programming use. The participants were expected to choose a programming language and justify their preference of the programming language to solve power series questions. The following Calculator is preferred by 50% of the participants while 31.3% of the students chose to use Matlab and 12.5% decided to use Excel for determining a numerical solution for a power series or error term calculation problem. The analysis of the interviews indicated some of the students' lack of experience with power series calculations, therefore these participants chose the technology that they are most familiar with. Some of the participants hesitated to use a computer programming language due to the need of writing a code to solve the problem.
Variation Analysis of Participants' Preferences
The number of Matlab users is uniform across all three research questions Q1-Q3 with a small variation. The maximum variation appeared on the calculator and paper-pencil solution preferences. Hardly any variation in the number of users (10 and 8 users) is observed for calculator preference to solve Q1 and Q3, however the variation was high for Q2 (2 users). There was no variation in the number of users (2 users) for using Excel to solve Q1 and Q3 but a high variation is observed for using Excel on Q2 (no users). Similarly, hardly any variation in the number of users is observed for the paper-pencil solution preference to solve Q1 and Q3 but a high variation is observed for Q2 (9 users). The following table summarizes the number of users' technology preferences to solve Q1 -Q3 based on Calculator, Matlab, Excel, and paper-pencil categories.
Conclusion & Future Work
In this work, 17 engineering undergraduate students' technology preferences to solve various calculus questions are investigated at a mid-sized North-Eastern university in the United States during a Spring school semester similar to the work of Tokgöz (2015) . Institutional Review Board's approval was required to conduct the research because the research subjects are students. All 17 participants written responses to a written questionnaire consisting of 14 questions was collected by an undergraduate Research Assistant (RA) who was hired by the researcher. Among the participants, 14 out of 17 agreed to be interviewed by the researcher for about 30-40 minutes to further investigate the details of their written responses. The researcher asked participants to explain their responses during the interviews and asked additional questions as needed. The main objectives of the three research questions analyzed in this article were to observe the following:
• Engineering majors technology preferences for solving function graphing, definite integral, and mathematical series related questions; • The variation of participants' technology preferences when the calculus concept changes.
I.e. Do the students prefer different technologies (or not prefer at all) when the calculus questions change?
• Determine participants' list of technology knowledge and analyze how this knowledge base increased in time. I.e. The increasing progress of the technology knowledge of the participants from high school to university.
Engineering educators and researchers are expected to benefit from the data displayed in this work in several different ways: • An understanding of undergraduate engineering students' cognitive technology preferences for solving calculus questions; • Recognize the shortcomings that arise in engineering education for solving mathematics problems by using technology; • Progress in engineering students' technology knowledge from high school to university.
• Recognize the limitations of engineering students' technology knowledge and improve their knowledge accordingly.
Participants' research questionnaire consisted of 11 calculus and 3 technology preference questions. The three technology preference questions from the questionnaire and the corresponding participant preferences based on the written responses are listed below: Some of the technologies and online resources that students mentioned during the interviews included Matlab, TI, Excel, Wolfram Alpha, Casio, Java, and Labview similar to the work of Tokgöz (2015) . Among these options, the participants listed Matlab, TI calculators, Excel, Wolfram Alpha, and a Casio calculator to solve the three research questions. The interview response analysis to all three questions indicated the following outcomes:
Q1)
• Some of the participants chose the technology that they are most familiar with even if they never used that technology for solving the corresponding calculus problem; • Technology versus paper-pencil solution is a decision making process and depends on the type of question: in the case when the question is "simple" participants' preferred paperpencil solution and technology otherwise.
• TI calculators were the most popular option for graphing functions, and power series and error term calculations.
• Paper-pencil solution was the most popular option for calculating definite integrals.
• Matlab appeared to be the best second option for solving all three questions. The hesitation of several participants' Matlab preference was due to its' programming aspect.
In conclusion, it is important to increase technology knowledge base of engineering students for them to be able to choose the right technology to solve different problems. For instance, Wolfram Alpha is an online free resource that all students can use as long as they know its availability and how to use it. Further investigation similar to this research is needed to have a good understanding of students' technology preferences. A hybrid approach that includes technology and instructor appears to be eminent for a better educational system in the future.
